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1
IMAGING APPARATUS AND IMAGE
DISPLAY METHOD THEREFOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an imaging apparatus
including a display device capable of displaying an image of
a target object to be imaged, and an image display method
therefor.

2. Description of the Related Art

An imaging apparatus, such as a digital camera or a digital
video camera, has a finder or a back surface provided with a
display, such as a liquid crystal display or an organic EL
display, which is used for imaging or confirmation of an
image obtained by the imaging.

In general, in a case of displaying a moving image on the
display, an afterimage remains when a light emission period
ratio (duty cycle) of each frame or field is large, which causes
such a “motion blur” that the contour of the moving image
becomes obscure. The motion blur can be suppressed by
reducing the light emission period ratio in accordance with a
display speed of the moving image.

Japanese Patent Application Laid-Open No. 2006-323300
proposes a system in which the speed of a moving image is
detected from input video data to control a value of the light
emission period ratio for display. According to the technology
disclosed in Japanese Patent Application Laid-Open No.
2006-323300, images are compared between frames, and the
moving image speed is calculated to control the correspond-
ing light emission period ratio, which can suppress the motion
blur.

As described above, the display provided to the imaging
apparatus, such as the digital camera or the digital video
camera, is used when imaging is performed, and therefore has
a display function called “live view” in which the image of a
target object to be imaged is displayed instantaneously.

A live view function is used to determine a photographing
composition or prepare for a photo opportunity while observ-
ing a displayed picture. Therefore, the display of the imaging
apparatus needs to quickly display the moving image in order
to allow a subject to be recognized.

Japanese Patent Application Laid-Open No. 2006-323300
discloses an improvement in moving image quality achieved
by controlling the light emission period ratio based on the
speed of the moving image obtained by analyzing a signal of
a displayed image. However, the technology disclosed in
Japanese Patent Application Laid-Open No. 2006-323300 is
suitable for a display used to display content such as a TV
monitor, but is not suitable for the display of the imaging
apparatus due to poor responsiveness.

Further, the technology disclosed in Japanese Patent Appli-
cation Laid-Open No. 2006-323300 compares the images
between the frames in order to detect the moving image
speed, which necessitates at least two frames to compare the
images. Therefore, in the method of detecting the moving
image speed, information on an image is sent to a display unit
with a delay of at least a two-frame period. The display for the
imaging apparatus needs to display an observed picture with
high simultaneity, and the delay corresponding to multiple
frames greatly affects usability.

SUMMARY OF THE INVENTION

The present invention has been devised in view of the
above-mentioned circumstances, and an object thereof is to
provide an imaging apparatus including a display device for
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displaying an observed picture with high simultaneity and
with suppressed motion blur during a panning operation, and
an image display method therefor.

In order to achieve the above-mentioned object, according
to an exemplary embodiment of the present invention, there is
provided an imaging apparatus, including: a lens;

an imaging unit for capturing an optical image that has
entered through the lens from an imaging element;

a display device including multiple pixels whose light
emission periodis adjustable, for displaying the optical image
captured from the imaging element as a picture;

an angular velocity sensor for detecting a movement of the
imaging element;

a panning speed detection unit for detecting a panning
speed based on an output from the angular velocity sensor;

a light emission period ratio determination unit for deter-
mining a light emission period ratio of each of the multiple
pixels based on the panning speed; and

a display device driving unit for causing the each of the
multiple pixels to emit light based on the light emission
period ratio.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a configuration of an
imaging apparatus according to an embodiment of the present
invention.

FIG. 2 is a block diagram illustrating an operation of a
panning speed detection unit.

FIGS. 3A and 3B are explanatory diagrams showing an
example of an output from an angular velocity sensor and an
example of an output from the panning speed detection unit.

FIGS. 4A and 4B are explanatory diagrams illustrating a
relationship between panning operations on a telephoto side
and a wide-angle side of the imaging apparatus.

FIG. 5 is an explanatory diagram showing a relationship of
a degree of a motion blur relative to a scrolling speed.

FIG. 6 is an explanatory diagram showing a relationship
between a flicker recognition degree and a light emission
period ratio of the motion blur.

FIG. 7 is an explanatory diagram showing a setting
example of the light emission period ratio relative to the
scrolling speed.

FIG. 8 is an explanatory diagram showing a setting
example of the light emission period ratio relative to the
scrolling speed.

DESCRIPTION OF THE EMBODIMENTS

As one of photographing techniques for pictures, or at a
time of searching for a subject, a camera user sometimes
performs a so-called “pan” which is an operation for chang-
ing an orientation of a camera at hand. During panning, the
camera user only has to change the orientation of a lens at
hand to cause an optical image input from the lens to move at
an extremely high speed, and hence the image displayed on a
display also moves at an extremely high speed. Accordingly,
particularly during the panning, the display needs to have a
high-speed performance of a moving image.

Now, an imaging apparatus and an image display method
for the imaging apparatus according to an embodiment of the
present invention are described with reference to the accom-
panying drawings.
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(Configuration of Imaging Apparatus)

First, referring to FIG. 1 and FIG. 2, a configuration of the
imaging apparatus according to this embodiment is
described. FIG. 1 is a block diagram illustrating a configura-
tion of the imaging apparatus according to this embodiment.
FIG. 2 is a block diagram illustrating an operation of a pan-
ning speed detection unit.

As illustrated in FIG. 1, an imaging apparatus 100 accord-
ing to this embodiment includes an angular velocity sensor
101, a panning speed detection unit 102, an imaging magni-
fication detection unit 103, a light emission period ratio deter-
mination unit 104, and a storage device 105. In addition, the
imaging apparatus 100 according to this embodiment
includes a display device driving unit 106, a display device
107, adisplay mode setting unit 108, and an imaging unit 109.
The respective components are described below in order.

The angular velocity sensor 101 is a sensor for detecting a
movement of an imaging element (not shown) mounted to the
imaging apparatus 100 according to this embodiment. The
angular velocity sensor 101 detects the angular velocity of the
imaging element in a direction determined in advance, and
outputs the angular velocity to the panning speed detection
unit 102.

The imaging unit 109 captures the optical image that has
entered through the lens from the imaging element, and out-
puts the optical image as an image signal. Examples of the
imaging element include a charge coupled device (CCD) and
a complementary metal oxide semiconductor (CMOS). As
the angular velocity sensor 101, any existing angular velocity
sensor that is mounted to various imaging apparatus, such as
a digital camera and a digital video camera, in order to pro-
vide an image stabilization function can be used.

The panning speed detection unit 102 determines from a
sensor output from the angular velocity sensor 101 whether or
not a panning operation is being performed, and outputs the
panning speed to the light emission period ratio determina-
tion unit 104.

The panning speed detection unit 102 outputs the acquired
panning speed when determining that the panning operation
is being performed, and a panning speed of zero when deter-
mining that the panning operation is not being performed, to
the light emission period ratio determination unit 104. Note
that, the panning operation is not necessarily determined. The
determination of the panning operation may be omitted, and
the panning speed calculated from an output from an angular
velocity sensor may be output to the light emission period
ratio determination unit 104.

As illustrated in FIG. 2, the panning speed detection unit
102 includes an offset removal portion 201, an absolute value
acquisition portion 202, a reference comparison portion 203,
and a panning speed output unit 204.

The offset removal portion 201 subtracts an offset from a
rotational direction waveform from which a high-frequency
component has been removed. The absolute value acquisition
portion 202 converts the rotational direction waveform from
which the offset has been subtracted by the offset removal
portion 201 into only a positive signal by acquiring an abso-
lute value thereof. The reference comparison portion 203
compares the acquired positive signal with a preset threshold
value to determine the panning operation. The panning speed
output unit 204 outputs the acquired positive signal as the
panning speed when it is determined by the reference com-
parison portion 203 that the panning operation is being per-
formed. Note that, a specific example of determining the
panning operation is described later.

As illustrated in FIG. 1, the imaging magnification detec-
tion unit 103 detects an imaging magnification of the lens

10

15

20

25

30

35

40

45

50

55

60

65

4
during photographing, and outputs the imaging magnification
to the light emission period ratio determination unit 104.

The light emission period ratio determination unit 104
calculates a light emission period ratio (light emission duty)
by using the panning speed input from the panning speed
detection unit 102 and the imaging magnification data input
from the imaging magnification detection unit 103. The light
emission period ratio determination unit 104 outputs the cal-
culated light emission period ratio to the display device driv-
ing unit 106. The light emission period ratio can be deter-
mined in consideration of only the panning speed, but it is
preferred that the light emission period ratio be determined
also in consideration of imaging magnification data because it
is possible to determine the light emission period ratio that is
more suitable for a speed at which the image displayed on the
display moves.

The panning speed detection unit 102, the imaging magni-
fication detection unit 103, and the light emission period ratio
determination unit 104 are formed of a processor (control
portion) such as a microcomputer.

The storage device 105 accumulates in advance imaging
information, such as point information and interpolation
information, used for calculation of the light emission period
ratio performed by the light emission period ratio determina-
tion unit 104. Examples of the storage device 105 include a
nonvolatile memory such as a ROM.

The display device driving unit 106 receives the image
signal from the imaging unit 109 or the like, and drives the
display device 107. Examples of the display device driving
unit 106 include an inverter circuit.

The display device 107 displays the optical image that has
entered through the lens as the image. A display pixel of the
display device 107 can have its light emission period
adjusted. As the display pixel of the display device 107, a
spontaneous emission-type light-emitting element, such as an
organic EL element or an inorganic EL element, is preferred.
The flat-panel type display using the organic EL. element can
turn on and off the light emission at a high speed, and can
therefore, freely control the light emission period ratio, which
can realize crisp image display with a reduced motion blur.
Further, even a liquid crystal display device can control the
light emission period ratio by writing black data after writing
the image data.

The display mode setting unit 108 outputs a display mode
set for the display device driving unit 106. The display mode
setting unit 108 can set for the display device driving unit 106
any one of, for example, a real-time monitor mode such as live
view, a playback monitor mode for displaying a recorded
moving image or still image, and a device setting mode for
setting photographing conditions and the like. That is, the
display mode of the display device 107 can be switched
depending on the setting made by the display mode setting
unit 108. Display modes other than the real-time monitor
mode have no relationship with the panning operation of the
imaging element, and hence the present invention can be
applied in the real-time monitor mode.

As described above, the imaging unit 109 includes the
imaging element such as a CCD ora CMOS. The imaging unit
109 may include a lens that can change the imaging magni-
fication closer to a side on which the optical image enters than
the imaging element. Examples of the lens include a telephoto
lens and a wide-angle lens.

(Operation of Imaging Apparatus and Image Display
Method for Imaging Apparatus)

Next, referring to FIG. 1 to FIG. 7, the image display
method for the imaging apparatus 100 according to this



US 9,137,427 B2

5

embodiment is described along with the operation of the
above-mentioned imaging apparatus 100.

The image display method for the imaging apparatus 100
according to this embodiment includes an imaging display
step, an angular velocity detection step, a panning speed
detection step, an imaging magnification detection step, a
light emission period ratio determination step, and a display
device driving step.

First, in the imaging display step, the picture of a target
object to be imaged by the camera user by using the imaging
unit 109 is displayed on the display device 107 such as a finder
or a back surface monitor.

In the angular velocity detection step, the movement of the
imaging element (not shown) is detected by the angular
velocity sensor 101, and a movement of the displayed image
on the display device 107 is detected.

FIG. 3A is an explanatory diagram showing an example of
awaveform output from the angular velocity sensor, and FIG.
3B is an explanatory diagram showing an example of an
output from the panning speed detection unit.

The general angular velocity sensor 101 outputs difter-
ences from a given offset value of SO based on the angular
velocity around SO. In FIG. 3A, the waveform appears in a
direction of an increase from S0. The waveform in the direc-
tion of the increase from SO indicates that the movement of
the displayed image occurs in a fixed direction. When the
movement of the displayed image occurs in a direction
reverse thereto, the waveform appears in a direction of a
decrease from SO.

The detection itself of the movement of the displayed
image involves a high-frequency component to some extent
as indicated by the dashed line in FIG. 3A. The high-fre-
quency component is caused by electrical noise or a camera
shake. The waveform necessary for the determination of the
panning is a waveform indicated by the solid line in FIG. 3A,
and a waveform obtained by using a filter to remove the
high-frequency component caused by the electrical noise or
the camera shake is used as the output from the angular
velocity sensor 101. The output from the angular velocity
sensor 101 is used in a subsequent panning determination
step.

In this embodiment, for the convenience of description,
horizontal panning in a one-axis direction is assumed as an
example, but the panning occurs in combination of vertical
and horizontal directions of the display screen. In a case of
detecting the panning in the vertical and horizontal directions,
a device that can measure the angular velocities in two-axis
directions of the vertical and horizontal directions may be
used inside as the angular velocity sensor 101 to obtain the
sensor output as a magnitude of the combination (vector sum)
of the angular velocities in the vertical and horizontal direc-
tions. Note that, a vertical shake of the imaging apparatus 100
is referred to also as “tilting”.

In the panning speed detection step, the panning speed is
detected by the panning speed detection unit 102 from the
angular velocity detected by the angular velocity sensor 101,
and is output to the light emission period ratio determination
unit 104.

Returning to FIG. 2, a method of detecting the panning
speed is described. The panning speed detection step
includes: subtracting the offset from the rotational direction
waveform from which the high-frequency component has
been removed; and converting the rotational direction wave-
form from which the offset has been subtracted into only a
positive signal by acquiring an absolute value thereof. The
panning speed detection step further includes: a panning
operation determination step of determining the panning
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operation by comparing the acquired positive signal with a
preset threshold value; and a step of outputting the acquired
positive signal as the panning speed when it is determined that
the panning operation is being performed. Note that, the
panning operation determination step is not essential and may
be omitted. When omitted, the positive signal may be output
as the panning speed as it is. The panning speed detection step
and operations of the panning speed detection unit 102 are
concretely described below.

As described above, the high-frequency component caused
by the electrical noise or the camera shake, which is not
involved in the panning operation, is removed from the sensor
output from the angular velocity sensor 101 (see the solid line
of FIG. 3A). When the offset of SO is subtracted from the
waveform of the solid line by the offset removal portion 201,
the waveform shown in FIG. 3B is obtained, in which the
positive and negative of the waveform can be distinguished
depending on a moving direction of the displayed image.

However, there is no need to distinguish the moving direc-
tion of the displayed image as the panning speed, and hence
the absolute value acquisition portion 202 in the subsequent
stage performs the conversion into only the positive signal.

Subsequently, the panning speed detection unit 102 uses
the reference comparison portion 203 to compare the
acquired positive signal with a preset threshold value PO and
determine whether or not the acquired positive signal is equal
to or larger than PO (see FIG. 3B). With this operation, in the
example of FIG. 3B, it is determined that the panning opera-
tion is being performed from a time instant tm to a time instant
tn.

When detecting the panning operation, the reference com-
parison portion 203 outputs a panning determination signal to
the panning speed output unit 204.

When receiving the panning determination signal from the
reference comparison portion 203, the panning speed output
unit 204 outputs a signal received from the absolute value
acquisition portion 202 as the panning speed as it is if the
panning operation is being performed. When the panning
operation is not being performed, the panning speed output
unit 204 outputs zero as the panning speed. With the opera-
tion, the panning speed detection unit 102 outputs the panning
speed to the light emission period ratio determination unit
104 in the subsequent stage.

In the imaging magnification detection step, the imaging
magnification of the lens provided to the imaging unit 109 is
detected, and the imaging magnification is output to the light
emission period ratio determination unit 104 in the subse-
quent stage.

In the light emission period ratio determination step, the
light emission period ratio of the display pixel of the display
device 107 is calculated by using the panning speed and the
imaging magnification data. That is, in the light emission
period ratio determination step, the light emission period ratio
(light emission duty) is determined by using the panning
speed received from the panning speed detection unit 102 and
the imaging magnification data received from the imaging
magnification detection unit 103, which are input to the light
emission period ratio determination unit 104. The moving
speed (hereinafter referred to as the “scrolling speed”) of the
image displayed on the display device 107 during the panning
operation is affected by the imaging magnification, not to
mention the magnitude of the angular velocity of the panning
operation, and hence it is preferred that the light emission
period ratio be determined in consideration of the imaging
magnification.

FIGS. 4A and 4B are explanatory diagrams illustrating the
relationship between panning operations on a telephoto side
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and a wide-angle side of the imaging apparatus. In FIGS. 4A
and 4B, the imaging apparatus 100 and an image of an angle
of view of the imaging apparatus 100 are illustrated in a fan
shape. FIG. 4A illustrates the telephoto side in a case where a
lens 110 having an angle of view of h degrees is rotated
counterclockwise by n degrees. FIG. 4B illustrates the wide-
angle side in a case where the lens having an angle of view of
m degrees is rotated counterclockwise by n degrees. When the
lens is panned by n degrees in the same unit time in both the
cases, a speed of the image displayed on the screen is 1+n/m
on the wide-angle side and is 1+n/h on the telephoto side. For
example, m is three times as large as h in a case where there
is a difference of three times in the imaging magnification.
Therefore, for example, when the lens is moved at n=m, a
speed of 2 is obtained on the wide-angle side, and a speed of
4 is obtained on the telephoto side, which means that the
displayed image moves at a double scrolling speed on the
telephoto side compared to the wide-angle side.

Next, referring to FIG. 5, the motion blur relative to the
scrolling speed of the moving image is described. FIG. 5is an
explanatory diagram showing a relationship of a degree of the
motion blur relative to the scrolling speed.

In FIG. 5, television lines of the vertical axis are a unit
representing a horizontal resolution of a television screen,
and indicate how many couples of black and white lines can
be discerned within a horizontal width equal to a height of the
screen in a vertical direction. This indicates that 100% of lines
are visible at a low scrolling speed, while the motion blur
occurs at a higher ratio at a higher speed to inhibit 100% of
lines from being resolved.

10%, 20%, 40%, and 60% of FIG. 5 indicate the light
emission period ratios of a display device. For example, with
the display device having the light emission period ratio of
60%, the television lines start to decrease from around the
scrolling speed of 0.5 [screen/sec]. This indicates that the
display device having the light emission period ratio of 60%
causes the motion blur at the scrolling speed of 0.5 [screen/
sec] or faster. Therefore, it is conceivable that the light emis-
sion period ratio is set small in advance in order to handle the
panning operation exhibiting a high scrolling speed.

However, when the light emission period ratio is set
smaller than 50%, a flicker phenomenon is observed depend-
ing on the displayed image, and the image quality deterio-
rates. This is a phenomenon in which the screen looks to be
flickering at a high speed because the ratio of a non-light
emission period increases as the light emission period ratio
decreases.

Next, referring to FIG. 6, the relationship between a flicker
recognition degree and the light emission period ratio of the
motion blur is described. FIG. 6 is an explanatory diagram
showing the relationship between the flicker recognition
degree and the light emission period ratio of the motion blur.

In FIG. 6, the solid lines ¢ and f indicate characteristics of
the motion blur (c) at a given scrolling speed and a flicker
recognition degree (f), respectively. The characteristics of the
remaining dashed lines indicate motion blur characteristics in
a case where the scrolling speed of the displayed image is
different from the case of c. The scrolling speed becomes
higher in the order of from a to e.

Here, the flicker recognition degree f is obtained from the
ratio of an average number of persons who have recognized a
predetermined still image displayed with the light emission
period ratio changed in sensory evaluation research. Further,
the amount by which the observed television lines has
decreased from 100% is used as the amount of the motion
blur.
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For example, in the case of ¢, with the light emission period
ratio of 50%, the flicker recognition degree is almost zero
(A"), while the motion blur is at a level of A, which means that
the motion blur is large. When the light emission period ratio
drops down to around 25%, the motion blur becomes approxi-
mately zero (B), while the flicker recognition degree rises up
to a position of B".

Further, the setting may be performed by setting an allow-
able value of the motion blur (for example, a of FIG. 6). In this
case, the motion blur is C, and the flicker recognition degree
has a value of C'.

Note that, here the flicker recognition degree f'is obtained
in the case where the still image is displayed and evaluated as
described above. In general, in the case of displaying the
moving image, the flicker phenomenon tends to be hardly
recognized depending on the speed of the moving image, and
hence FIG. 6 shows f as a case where the flicker phenomenon
is recognized most sensitively. Therefore, it is conceivable
that, when the scrolling speed increases with the motion blur
characteristic shifting from a toward e, the flicker recognition
degree f corresponding thereto shifts toward the left accord-
ingly.

With the above-mentioned characteristics taken into con-
sideration, it is preferred that the light emission period ratio
be determined based on a balance between the two values of
the flicker recognition degree and the motion blur depending
on the displayed image. The balance is adjusted by the pur-
pose or the like of the imaging apparatus. This is because
importance is put on the motion blur or on the flicker recog-
nition degree depending on the purpose of using the imaging
apparatus.

For example, the digital camera or the like mainly used for
the still image may need to put more importance on suppres-
sion of the flicker phenomenon than that of the motion blur. A
digital video camcorder or the like mainly used for the mov-
ing image may be set so that the importance is put on confir-
mation of a focus or the like during the panning operation by
suppressing the motion blur even with the flicker phenom-
enon allowed to some extent. This setting is adjusted based on
a relationship, which is described below, between the scroll-
ing speed and the corresponding set light emission period
ratio set.

Next, referring to FIG. 7, a setting example of the scrolling
speed and the light emission period ratio is described. FIG. 7
is an explanatory diagram showing the setting example of the
light emission period ratio relative to the scrolling speed.

The light emission period ratio determination unit 104
determines the light emission period ratio by using a setting
shownin FIG. 7. As shown in FIG. 7, the light emission period
ratio is set so as to be smaller as a detection scrolling speed
increases.

By comparing the detection scrolling speed with V1 to V4,
an arithmetic operation is performed so that the light emission
period ratio is set to one of d1 to d4 or 100% in accordance
with a position in which the detection scrolling speed falls.
The respective values of the above-mentioned V1 to V4 and
d1 to d4 are set in advance in accordance with the usage of the
display device described above.

In the example of FIG. 7, switching is performed at four
kinds of points (V1 to V4), but the number thereof is not
necessarily four, and it is possible to provide more points to
exhibit a smooth change. Further, values between points can
be interpolated and calculated by a specific arithmetic opera-
tion.

Those point information and interpolation information are
accumulated in advance on the storage device 105 connected
to the light emission period ratio determination unit 104. In
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other words, in the light emission period ratio determination
step, the imaging information necessary for the calculation of
the light emission period ratio stored on the storage device
105 is read to calculate the light emission period ratio.

Further, referring to FIG. 8, another setting example of the
scrolling speed and the light emission period ratio is
described. In this setting example, the imaging apparatus 100
of FIG. 1 is used to control the light emission period ratio
based on the waveform shown in FIG. 8. Note that, as the
display device 107, the flat-panel display using the organic
EL element is used.

FIG. 8 is an explanatory diagram showing the setting
example of the light emission period ratio relative to the
scrolling speed. As shown in FIG. 8, when the display device
107 is driven so that the light emission period ratio is reduced
along the straight line within the range of the scrolling speed
of zero to VO with VO set to 3 [screen/sec] and dO set to 15%,
the motion blur is not detected during the panning operation
in the normal photographing. According to the imaging appa-
ratus 100 of the setting example of FIG. 8, crisp picture
display is observed without degradation in the image quality
during the panning operation.

The signal of the light emission period ratio determined by
the light emission period ratio determination unit 104 is out-
put to the display device driving unit 106 in the subsequent
stage.

In the display device driving step, the display device driv-
ing unit 106 drives the display device 107 by using the light
emission period ratio determined by the light emission period
ratio determination unit 104. The display device driving unit
106 determines an instantaneous luminance of the light emis-
sion of the display pixel of the display device 107 based on the
light emission period ratio received from the light emission
period ratio determination unit 104, and drives the display
device 107 in the subsequent stage by using the instantaneous
luminance and the received light emission period ratio.

Even when the light emission period ratio changes, the
display device driving unit 106 adjusts the instantaneous
luminance based on the light emission period ratio so as to
maintain an apparent luminance of the display device 107,
and outputs the instantaneous luminance. For example, when
the light emission period ratio is reduced to a half, it is
possible to maintain the apparent luminance (average lumi-
nance) of the display device 107 at a fixed level by doubling
the instantaneous luminance of the display pixel.

In the display device driving step, it is possible to set the
display mode of the display device 107. The display device
driving unit 106 changes the light emission period ratio only
when the real-time monitor mode such as the live view is set
by the display mode setting unit 108.

As described above, according to the imaging apparatus
100 and the image display method therefor of this embodi-
ment, the light emission period ratio of the display pixel is
determined from the panning speed of the imaging apparatus
100 during the panning operation. Accordingly, the picture
display can be controlled by estimating the light emission
period of the display device 107 in real time. Therefore, the
imaging apparatus 100 and the image display method therefor
according to this embodiment can suppress the motion blur
during the panning operation, and can display the image on
the display device 107 with extremely high simultaneity with-
out a delay after the image is input.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.
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This application claims the benefit of Japanese Patent
Application No. 2012-132867, filed Jun. 12, 2012, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:
1. An imaging apparatus, comprising:
a lens;
an imaging unit configured to capture an optical image that
has entered through the lens from an imaging element;
a display device comprising multiple pixels whose light
emission period is adjustable, configured to display the
optical image captured from the imaging element as a
picture;
anangular velocity sensor configured to detect a movement
of the imaging element;
a panning speed detection unit configured to detect a pan-
ning speed based on an output from the angular velocity
sensor;
a light emission period ratio determination unit configured
to determine a light emission period ratio of each of the
multiple pixels based on the panning speed; and
adisplay device driving unit configured to cause the each of
the multiple pixels to emit light based on the light emis-
sion period ratio,
wherein the panning speed detection unit comprises:
an offset removal portion configured to subtract an offset
from a rotational direction waveform obtained by
removing a high-frequency component from the out-
put from the angular velocity sensor; and

an absolute value acquisition portion configured to con-
vert the rotational direction waveform from which the
offset has been subtracted by the offset removal por-
tion into a positive signal by acquiring an absolute
value of the rotational direction waveform, and

wherein the panning speed detection unit outputs the posi-

tive signal as the panning speed.

2. The imaging apparatus according to claim 1, further
comprising an imaging magnification detection unit config-
ured to detect an imaging magnification of the lens,

wherein the light emission period ratio determination unit
determines the light emission period ratio of the each of
the multiple pixels by using the panning speed and data
on the imaging magnification.

3. The imaging apparatus according to claim 1, wherein:

the panning speed detection unit comprises a reference
comparison portion configured to determine a panning
operation, and

wherein the reference comparison portion compares a
positive signal with a threshold value set in advance,
outputs the positive signal as the panning speed when the
positive signal is equal to or larger than the threshold
value, and outputs zero as the panning speed when the
positive signal is smaller than the threshold value.

4. The imaging apparatus according to claim 1, wherein the
light emission period ratio determination unit comprises a
storage device configured to store imaging information nec-
essary for a determination of the light emission period ratio.

5. The imaging apparatus according to claim 1, wherein the
display device driving unit comprises a display mode setting
unit configured to set a display mode of the display device.

6. The imaging apparatus according to claim 1, wherein the
display device driving unit adjusts an instantaneous lumi-
nance in synchronization with a change of the light emission
period ratio of the each of the multiple pixels, and maintains
an average luminance of the display device at a fixed level.

7. The imaging apparatus according to claim 1, wherein the
multiple pixels of the display device each comprise a spon-
taneous emission-type light-emitting element.

8. The imaging apparatus according to claim 7, wherein the
spontaneous emission-type light-emitting element comprises
an organic EL element.
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9. An image display method for an imaging apparatus
including an imaging unit comprising a lens and an imaging
element, and a display device, the image display method
comprising:

an imaging display step of displaying an optical image
acquired by the imaging unit as an image on the display
device;

an angular velocity detection step of detecting a movement
of the imaging element;

a panning speed detection step of detecting a panning
speed based on an angular velocity detected in the angu-
lar velocity detection step;

a light emission period ratio determination step of deter-
mining a light emission period ratio of a pixel of the
display device based on the panning speed; and

a display device driving step of causing the pixel to emit
light based on the light emission period ratio,

wherein the panning speed detection step comprises:

a panning operation determination step of determining
whether or not a panning operation is being per-
formed;

a step of outputting the detected panning speed when it
is determined that the panning operation is being per-
formed;

a step of outputting zero as the panning speed when it is
not determined that the panning operation is being
performed;

wherein the panning operation determination step com-
prises the steps of:
subtracting an offset from a rotational direction wave-

form obtained by removing a high-frequency compo-
nent from the movement of the imaging element
detected in the angular velocity detection step;

10

15

20

25

12

converting the rotational direction waveform from
which the offset has been subtracted into only a posi-
tive signal by acquiring an absolute value of the rota-
tional direction waveform; and

comparing the positive signal with a threshold value set
in advance, and determining that the panning opera-
tion is being performed when the positive signal is
equal to or larger than the threshold value.

10. The image display method for an imaging apparatus
according to claim 9, further comprising an imaging magni-
fication detection step of detecting an imaging magnification
of the lens,

wherein the light emission period ratio determination step

comprises determining the light emission period ratio
based on the detected panning speed and the detected
imaging magnification of the lens.

11. The image display method for an imaging apparatus
according to claim 9, wherein the light emission period ratio
determination step comprises reading imaging information
necessary for a determination of the light emission period
ratio stored on a storage device to determine the light emis-
sion period ratio.

12. The image display method for an imaging apparatus
according to claim 9, wherein:

the imaging apparatus is configured to set multiple display

modes comprising a real-time monitor mode; and

the display device driving step comprises causing the pixel

to emit light based on the light emission period ratio
determined in the light emission period ratio determina-
tion step only in a case where the display mode of the
display device is set to the real-time monitor mode.
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